Background/Objectives: The possible association between coffee consumption and risk of colorectal cancer has been extensively studied in the many populations. The aim of this study is to examine this relationship among Finns, who are the heaviest coffee consumers in the world. Subjects/Methods: A total of 60 041 Finnish men and women who were 26-74 years of age and without history of any cancer at baseline were included in the present analyses. Their coffee consumption and other study characteristics were determined at baseline, and they were prospectively followed up for onset of colon and rectal cancer, emigration, death or until 30 June 2006. Results: During a mean follow-up period of 18 years, 538 cases of colorectal cancer (304 cases of colon cancer and 234 cases of rectal cancer) were diagnosed. The multivariate-adjusted hazard ratio of colorectal cancer incidence for X10 cups of coffee per day compared with non-drinkers was 0.98 (95% CI, 0.47-2.03) for men (P for trend ¼ 0.86), 1.24 (95% CI, 0.49-3.14) for women (p for trend ¼ 0.83) and 1.03 (95% CI, 0.58-1.83) for men and women combined (P for trend ¼ 0.61). Conclusions: In this study, we found no association between coffee consumption and the risk of colorectal, colon and rectal cancer.
Introduction
Coffee, a complex mixture of thousands of different chemicals, is among the most widely consumed beverages in the world and Finns seem to take up the most with 11.6 kg per capita, whereas the European average is 5 kg (International Coffee Organization (ICO), 2006) . It may show that how much coffee might be popular in Finland and fulfill a progressive social function. As a great number of people in Finland and around the world drink coffee, a great concern exists regarding the possible role of coffee on human and public health, because small effects in people could have a large impact on public health. The potential health effect of coffee on the risk of many chronic diseases has been studied extensively. Recent published results reported risk reductions in association with coffee consumption for several chronic diseases. However, the associations between coffee consumption and various types of cancers were inconsistent.
Colorectal cancer is one of the most common cancers in the world and accounts for 1 million incident cases worldwide each year (Parkin et al., 2005) . In Europe, the incidence of colorectal cancer is increasing, particularly in Southern and Eastern Europe, where rates were originally lower than in Western Europe (Coleman et al., 1993; Bray and Atkin, 2004) . Therefore screening programs for colorectal cancer have been initiated and primary prevention of the disease is an important public health priority.
Colorectal is the known cancer site, for which no association or even reduced risk of colorectal cancer in relation to the coffee consumption has been reported. Most of the case-control studies but not all supported an inverse association between higher coffee consumption and colorectal cancer (Tajima and Tominaga, 1985; La Vecchia et al., 1988; Hoshiyama et al., 1993; Olsen and Kronborg, 1993; Franceschi et al., 1997; Tavani et al., 1997; Favero et al., 1998; Giovannucci, 1998; Inoue et al., 1998; Boutron-Ruault et al., 1999; Levi et al., 1999; Slattery et al., 1999; Woolcott et al., 2002; Yeh et al., 2003) . The results of a previous metaanalysis of 12 case-control studies and five prospective cohort studies indicated an inverse association between coffee consumption and colorectal cancer in case-control studies. However, the evidence from prospective cohort studies was inconclusive (Giovannucci, 1998) .
In this large prospective cohort of Finnish men and women who have the highest coffee consumption in the world, we examined the effect of coffee consumption on colorectal, colon and rectal cancer.
Materials and methods
Seven independent cross-sectional population surveys were carried out in six geographical areas of Finland in 1972 , 1977 , 1982 , 1992 , 1997 (Vartiainen et al., 2000 . In 1972 and 1977, a randomly selected sample making up 6.6% of the population born between 1913 and 1947 was drawn. Since 1982, the sample was stratified by area, gender and a 10-year age group according to the World Health Organization (WHO) MONICA (MONItoring trends and determinants of CArdiovascular disease) protocol (Pajak et al 1988) . The participation proportion varied by year from 65 to 88% (Vartiainen et al., 2000) . The subjects included in the seven surveys were 25-64 years of age, and the 1997 and 2002 surveys also included subjects aged 65-74 years. Subjects who participated in more than one survey were included only in the first survey cohort. The total sample size of the seven surveys was 62 013. The final sample comprised 29 159 men and 30 882 women after excluding the participants with a history of any cancer (911) at baseline, and the participants with incomplete data on any variables required for this analysis (1061). The participants gave an informed consent (verbal in 1972-1992 and signed in 1997 and 2002) . The study was conducted according to the national data protection legislation, ethical rules of the Finnish National Public Health Institute and the rules and principles of the Helsinki Declaration.
A self-administered questionnaire was mailed to the participants to be completed at home and returned to the survey site. The questionnaire included questions on medical history, socioeconomic factors, smoking habits, physical activity and dietary habits. Education level, measured as the total number of school years, was divided into birth cohort-specific tertiles. The participants were classified as never smoked, ex-smokers and current smokers. Leisure time physical activity was classified into low, moderate and high categories (Hu et al., 2003) . Data on history of diabetes were obtained from the questionnaire and completed by the National Hospital Discharge Register and National Social Insurance Institution's drug register.
The participants were asked, 'How many cups of coffee do you drink daily? (one cup of coffee equals 1 dl)' (Tuomilehto et al., 2004; Hu et al., 2007) . Based on the validation study of the dietary questionnaire carried out in subgroups of the study population (Paalanen et al., 2006) , the correlations between the dietary questionnaire and food records were 0.89 in men and 0.85 in women for coffee (Hu et al., 2008) . Coffee consumption was categorized into six categories: 0 cup, 1-2 cups, 3-4 cups, 5-6 cups, 7-9 cups and X10 cups per day. Because questions on alcohol consumption were different between the first two surveys (1972 and 1977) and the latter surveys, the participants were categorized into abstainers and alcohol users. At the survey site, specially trained research nurses measured height and weight in light clothing and without shoes by using the standardized WHO MONICA protocol. Body mass index was calculated by dividing weight in kilograms by the square of height in meters.
All types of cancer cases were identified through the population-based country-wide Finnish Cancer Registry since 1953. The subjects with cancer diagnosed before the baseline surveys were excluded. The cancer register has been evaluated to be of high accuracy and coverage (Teppo et al., 1994) . The survey cohorts were followed through computerbased register linkage up to 30 June 2006, for colon, and rectal cancers diagnosis, emigration or death, whichever occurred first. The time at risk was calculated from the beginning of the follow-up at the survey dates to the end of the follow-up. The time at risk was calculated from 2 years after the survey dates in the analyses excluding the cancer cases during the first 2 years of follow-up. Colon and rectal cancer were combined as colorectal cancer. In the present analyses, colon and rectal cancer comprised adenocarcinoma, familial adenomatous polyposis and hereditary nonpolyposis colorectal cancer. The in situ cases were not included in this study.
Differences in risk factors based on different levels of coffee consumption were tested using the General Linear Model after adjustment for age and study year ( Table 1) . The association between coffee consumption on the risk of colorectal, colon and rectal cancers was analyzed by using Cox proportional hazards models. Different levels of coffee consumption were included in the models as dummy variables, and the significance of the trend over different categories of coffee consumption was tested in the models by giving an ordinal numeric value for each dummy variable. The proportional hazards assumption in the Cox model was assessed with graphical methods and with models including time-by-covariate interactions (Cox, 1972) . In general, all proportionality assumptions were appropriate. Because none of the interactions between sex and coffee consumption on the risk of colorectal, colon and rectal cancers were statistically significant, men and women were combined in the analyses. To avoid the potential bias of early colorectal, colon and rectal cancers and a possible subsequent change in coffee drinking habit, additional analyses were carried out excluding the subjects who were diagnosed with colorectal cancers and/or those who died from any causes during the first 2 years of follow-up. The limit for statistical significance was considered to be P ¼ 0.05. All statistical analyses were performed with SPSS for Windows 17.0 (SPSS Inc., Chicago, IL, USA). Table 1 presents the characteristics of the participants at the baseline. Age and study year-adjusted coffee consumption was positively associated with smoking and body mass index and inversely with education. The mean values of coffee consumption were 5.2 cups/day (s.d. 3.2) for men, 4.5 cups/day (s.d. 2.5) for women and 4.5 cups/day (s.d. 2.9) for men and women combined.
Results
During a mean follow-up period of 18 years, 538 (267 in men and 271 in women) cases of colorectal cancer, of which 304 (150 in men and 154 in women) cases of colon cancer and 234 (117 in men and 117 in women) cases of rectal cancer were found. Table 2 presents the association between coffee consumption and the risk of colorectal cancer incidence. Coffee consumption was not associated with the risk of colorectal cancer in men, women or men and women combined. The multivariable-adjusted (age, study year, alcohol consumption, education, leisure time physical activity, smoking and the history of diabetes) hazard ratio of colorectal cancer incidence for X10 cups of coffee per day compared with non-drinkers was 0.98 (95% CI, 0.47-2.03) for men (P for trend ¼ 0.86), 1.24 (95% CI, 0.49-3.14) for women (P for trend ¼ 0.83) and 1.03 (95% CI, 0.58-1.83) for men and women combined (P for trend ¼ 0.61). The association between coffee consumption and colon cancer was inverse among men and men and women combined but did not reach its significance in the multivariate model (Table 3 ). The multivariable adjusted hazard ratio of colon cancer incidence for X10 cups of coffee per day compared with non-drinkers was 0.74 (95% CI, 0.31-1.79) for men (P for trend ¼ 0.89), 0.61 (95% CI, 0.16-2.23) for women (P for trend ¼ 0.31) and 0.72 (95% CI, 0.35-1.47) for the combined population (P for trend ¼ 0.76). We found no significant association between coffee consumption and risk of rectal cancer. The multivariable adjusted hazard ratio of rectal cancer incidence for X10 cups of coffee per day compared with no consumption was 1.68 (95% CI, 0.43-6.48) for men (P for trend ¼ 0.32), 2.92 (95% CI, 0.60-14.3) for women (P for trend ¼ 0.53) and 1.99 (95% CI, 0.71-5.55) for combined population (P for trend ¼ 0.62).
Although we excluded participants with cancer at baseline, individuals could have altered their coffee consumption habit because of preclinical manifestations of the disease. To address this issue, we repeated our analyses after exclusion of the participants who were diagnosed with colorectal cancer (n ¼ 30) and/or those who died from any causes (n ¼ 410) during the first 2 years of follow-up. Sex-and multivariableadjusted HRs in participants who drank 1, 1-2, 3-4, 5-6, 7-9, X10 cups of coffee daily were 1.00, 1.46 (95% CI, 0.84-2.51), To eliminate any possible potential residual confounding, an additional analysis was conducted among subgroups (Table 4) . Coffee consumption was not associated with the risk of colorectal cancer in the subgroup analysis neither in the non-smoker neither in high body mass index nor physically inactive subjects.
When the analysis was restricted to the surveys from 1982 to 2002, more detailed data on vegetable, fruit and sausage consumption were available. Including these factors to the model did not change the results and no association between coffee consumption and colorectal cancer was found. Sexand multivariable-adjusted HRs in participants who drank 1, 1-2, 3-4, 5-6, 7-9, X10 cups of coffee daily were 1.00, 0.77 (95% CI, 0.40-1.47), 1.05 (95% CI, 0.58-1.88), 0.82 (95% CI, 0.44-1.50), 1.23 (95% CI, 0.63-2.37) and 0.59 (95% CI, 0.26-1.36) for colorectal cancer (P for trend ¼ 0.14). Similar results were observed with separate analysis for colon and rectal cancer.
Discussion
In this large prospective cohort study, we found that consumption of coffee was not associated with the incidence of colorectal, and either colon or rectal cancer. Our findings were similar after we removed the diagnosed cases of the first 2 years of follow-up.
Until now many epidemiological studies have examined the association between coffee consumption and the risk of colorectal cancer. Most of the case-control studies reported an inverse association between coffee consumption and the risk of colorectal cancer (Tajima and Tominaga, 1985; La Vecchia et al., 1988; Hoshiyama et al., 1993; Olsen and Kronborg, 1993; Franceschi et al., 1997; Tavani et al., 1997; Favero et al., 1998; Giovannucci, 1998; Inoue et al., 1998; Levi et al., 1999) . A meta-analysis of combined results of 12 case-control studies (Giovannucci, 1998) revealed that higher coffee consumption was associated with lower risk of colorectal cancer (RR ¼ 0.72, 95% CI, 0.61-0.84), despite the fact that the results might be affected by several confounding factors such as selection or recall bias due to the retrospective nature of assessment of coffee consumption and other lifestyle factors. However, Adjusted for age, study year, education (measured as the total number of school years), cigarette smoking (never, past and current smoking of 1-19 or X20 cigarettes per day), alcohol consumption (abstainers and alcohol users), leisure time physical activity (low, moderate and high categories (Hu et al., 2003) ), history of diabetes, tea consumption and body mass index. b Adjusted also for sex.
this meta-analysis for five prospective cohort studies showed no association (RR ¼ 0.97, 95% CI, 0.73-1.29) (Giovannucci, 1998) . Our finding is consistent with the most recent metaanalysis of 12 prospective cohort studies (Jacobsen et al., 1986; Wu et al., 1987; Klatsky et al., 1988; Stensvold and Jacobsen, 1994; Hartman et al., 1998; Terry et al., 2001; Michels et al., 2005; Larsson et al., 2006; Oba et al., 2006; Lee et al., 2007; Naganuma et al., 2007) . The summarized results of this meta-analysis comparing high-vs lowconsumption categories showed no significant effect of coffee consumption on colorectal cancer risk (RR ¼ 0.91; 95% CI, 0.81-1.02). In this meta-analysis there were no significant differences by sex and cancer-site and a slight inverse association between coffee consumption and colon cancer in women was observed (RR ¼ 0.79; 95% CI, 0.60-1.04), especially among Japanese women (RR ¼ 0.62; 95% CI, 0.37-1.05). The suggestive inverse associations were slightly stronger in studies that controlled for smoking and alcohol, and in studies with shorter follow-up times (Je et al., 2009) . It has been reported that coffee consumption is frequently related to unhealthy behaviors, such as smoking, excessive consumption of alcohol, a poorer diet and a sedentary lifestyle, which are important risk factors for colorectal cancer (Glade, 1999) . The confounding effects of these variables would tend to bias these results. This study, however, carefully controlled for those factors and the results remained unchanged. Adjusted for age, study year, education (measured as the total number of school years), cigarette smoking (never, past and current smoking of 1-19 or X20 cigarettes per day), alcohol consumption (abstainers and alcohol users), leisure time physical activity (low, moderate, and high categories (Hu et al., 2003) ), history of diabetes, tea consumption and body mass index. b Adjusted also for sex.
Despite the results in this study and most of the other prospective studies, experimental studies support protective effects of coffee consumption on the risk of colorectal cancer. It has been shown that coffee diterpene cafestol and kahweol produce biological effects compatible with anticarcinogenic properties (Cavin et al., 2002) . However, the anticarcinogenic properties of coffee diterpenes are mostly effective among population-consuming unfiltered coffee, but not filtered coffee. In Finland, at the end of the 1960s, 75% of the Finnish population drank boiled coffee (Aro, 1990) but by 1987 this proportion had decreased to 24% although 69% drank filtered coffee (Pietinen et al., 1990 ). However, we were able to determine the type of the coffee consumed in our surveys in 1987 and 1992 and more than 80% of Finnish coffee consumers used filtered coffee at the baseline. The consumption of decaffeinated coffee was very low in the Finnish population (Tuomilehto et al., 2004) . It has been also suggested that coffee contains substances that reduce the excretion of bile acids and/or neutral sterols, thereby reducing the risk of colon cancer (Jacobsen and Thelle, 1987) .
There are several strengths and limitations in our study. First, we had a homogenous study population and a large number of participants who were randomly selected from the whole population. Second, the mean follow-up of 18 years was sufficiently long without any loss of followup. Reliance on self-report for data on coffee drinking may be one of the limitations of this study, although we believe that the Finns report their coffee drinking habits accurately. However, any possible misclassification of the exposure is unlikely to be systematically related to the outcome. Lack of data on caffeine or the other nutrients is the other limitation. Therefore we cannot completely either exclude the effects of residual confounding due to measurement error in the assessment of confounding factors, or some unmeasured factors, such as dietary factors.
In conclusion, we found no association between coffee consumption and colorectal cancer in a large cohort of Finnish population. *Adjusted for age, sex, study year, education (measured as the total number of school years), cigarette smoking (never, past and current smoking of 1-19 or X20 cigarettes per day), alcohol consumption (abstainers and alcohol users), leisure time physical activity (low, moderate and high categories (Hu et al., 2003) ), history of diabetes, tea consumption, body mass index, other than the variable for stratification.
